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Not to be confused with¼ Sonic the
Hedgehog — a Sega computer game.
So what is it? It’s an intercellular
signalling molecule with a multitude
of functions during development. For
instance, it is involved in  patterning
the embryonic limb and spinal cord.
In fact, more is being added to its
repertoire, including involvement in
tooth, lung and hair development.
How did it get its name? From its
homologue, the Drosophila hedgehog
gene, which was so named because
mutations cause a lawn of spiky
outgrowths to appear on the larval
belly.
Can we live without it? A point
mutation in the Sonic hedgehog gene is
thought to be the cause of a human
condition called
holoprosencephaly — in severe
cases, patients lack a nose and have
only one eye. Mice without Sonic
hedgehog die before birth with
multiple developmental defects.
Are there related proteins? Lots. In
mammals, Sonic is related to two
other hedgehogs: Indian and Desert.
When expressed appropriately, the
three proteins can substitute for one
another but they do have unique
functions: Desert hedgehog is
needed for spermatogenesis and
Indian hedgehog regulates cartilage
differentiation. In the zebrafish,
Sonic is related to Tiggywinkle
hedgehog — which is thought to be
involved in eye and brain
development — and Echidna
hedgehog is needed for formation of
muscle pioneer cells. In the
nematode, two protein families with
some sequence similarity to
Hedgehogs have been proposed:
groundhog and warthog. It can only
be a matter of time before someone
coins hogwash, hogshead, etc... 
How does Sonic hedgehog work? The
Sonic hedgehog protein is
proteolytically cleaved to produce
two secreted peptides; all the
signalling activity seems to reside in
the 19 kDa amino-terminal peptide.
On the surface of a responsive cell,
this peptide binds to a receptor
complex composed of two
transmembrane proteins, Patched
and Smoothened. Most of what we
know about the signalling pathway
inside the cell is based on studies of
Hedgehog signalling in Drosophila
(see Figure), although the players,
including the intriguingly named
Cubitus interruptus protein — a
zinc-finger-type transcription factor
of the Gli family, which activates
target genes in Drosophila — may
have homologues in mammals.
So is there anything we don’t yet know
about Sonic? Well, for one, the
diffusion of the active 19 kDa
peptide seems to be constrained, so
it’s not clear how Sonic exerts its
effects over long distances. Recent
work in Drosophila, however, has
suggested that a protein called
Tout-velu may facilitate diffusion 
of Hedgehog.
Does it have commercial potential? A
biotechnology company based in
Cambridge, USA seems to think so.
Ontogeny, whose scientific advisory
board reads like a Who’s Who of
developmental biology, holds
proprietary rights to Sonic, Indian and
Desert hedgehog and the receptor
Patched. In 1996, Ontogeny entered
into an alliance —said to be worth $80
million — with Biogen, to explore the
potential of Sonic as a treatment for
degenerative disorders of the nervous
system. In a second alliance, this time
with Boehringer Mannheim, $40
million will be invested over five
years to exploit the potential of
Indian in bone repair. There is also
talk that Desert could be a potential
fertility drug, and an inhibitor of
Desert a male contraceptive.
Where can I find out more? 
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The Hedgehog (Hh) signaling pathway in
Drosophila, which it is assumed will serve as
a model for signalling by Hedgehog-type
proteins in other organisms. (a) In the
absence of Hh, Patched (Ptc) inhibits
Smoothened (Smo). The proteins Cubitus
interruptus (Ci), Fused (Fu) and Costal2
(Cos2) are part of a cytosolic complex bound
to microtubules through Cos2. Binding to
this complex is thought to facilitate
processing of Ci into its repressor form.
(b) Binding of Hh to the Ptc–Smo receptor
complex leads to Smo activation. How this
leads to dissociation of the cytosolic complex
from microtubules is unclear, but processing
of Ci is prevented and an activator form of Ci
then moves to the nucleus to induce
transcription of target genes.
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